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1. A piston assembly in a car contains 2-10*m> of air at 90 kPa and 20°C. The air inside is compressed ina
polytropic process with n=1.25 (P-v"=constant where P is pressure and v is specific volume) to a final
volume six times smaller. Determine the final pressure, temperature, and the heat transfer for the process.
The gas constant of air R is 0.287 kl/kg-K.(25%)

2. A 2-m’ storage tank contains 95% liquid and 5% vapor by volume of liquified natural gas (LNG) at 160
K. as shown in Figure. 1. It may be assumed that LNG has the same properties as pure methane. The
saturated vapor at 160 K flows to the heater from the tank until all the liquid in the storage tank is gone.
Then the superheated vapor finally leaves the heater at 300 K. Calculate the heat transfer to the tank Quax
and heat transfer to the heater Qneaer assuming that flow in the heater is steady and the process works at a
constant pressure. (25%)
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Figure. 1

Properties of methane

Saturated Methane
Specific Volume, ni'fkg Internal Energy, klikg Enthalpy, kifkg

Temp. P(kPa) v Ve Ve iy uy; i, Iy hye h,

145 §23.7  0.002719 0.07445 007717 -16397 368.06 20209 =16373 42038 265.66
150 10405 0.002794 0.0383% 006118 -146.65 35133 w488 -1430 41229 268.54
155 12956 0.002877 D.04605 0.04892  -12682 333.61 20679 -123.09 39327 270,18
160 15928  0.002974 0.03638 0.03936  -106.35 31401 20766 -101.61 371.96 270.35
165 19359 0.003086 0.02868 003177  -85.06 29230 20724 -79.08 347.82 268.74
170 23293 0.003222 0.02241 0.02563 —62.67 267.81 205,14 =307 12002 264.33
175 W6 0.003393 001718 0.02058 -3875 23947 w0072 =2933 287.20 257.87

180 32864 0003623 0.01266 0.01629 -1243 205,16 192.73 =53 M46.77 26.25
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Superheated Methane
Temp. ¥ n h B i ] it [
(K) tm¥kg) (kJikg) (kJfkg) kI kg-K) (k) (kdkg) (kJkg) (kIfkg-K)
1500 kPa(158.52 K) 2000 kPa (165.86 K)

Sat. 0.04196 207.53 37047 B.6215 003062 207.0 268.25 84975
250 008220 375.70 499.00 97730 0.06059 A70.67 49183 Y.6036
275 000171 418.65 556.21 9.9911 0.06796 1440 550031 U.5266
00 00103 462,27 613,52 10,1916 007513 A58.59 605,85 100303
325 o 507.04 672.37 103790 008216 5038 668,12 10.2200
350 .11e3l 533.30 73220 10,5563 Lisuny 350040 T25.58 10.3942
375 0.12832 601.30 793,78 10,7263 0.09594 598.69 TH.5T 10.5703

AUy 0.13728 651,24 R57.16 108899 010274 64887 85-4.34 10.7349
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3. Air enters the compressor of a Brayton cycle at 100 kPa, 300 K, with a volumetric flow rate 5m? /s . In the
cycle, air is assumed to behave as an ideal gas. The compressor pressure ratio is 10 and its isentropic
efficiency is 85 %. At the inlet of the gas turbine the pressure of air is 950 kPa, and the temperature is 1400K.
The turbine has an isentropic efficiency is 88 % and the exit pressure is 100 kPa. In addition, the temperature
rise that would be brought by combustion is assumed to be accomplished by a heat transfer from an external
source. (a) Sketch the T-s diagram of the cycle. (6%)

Calculate (b) the specific enthalpy, in &/ / kg, at the exit the compressor, (c) the net power of the cycle, in
kW , and (d) the change of specific entropy, in &7/ kg- K, between the exit and the inlet of the turbine.
(24%)

4. From the data that follow, estimate /1 —/1,,in &/ / kg, for benzene (%) at 340 K. At this temperature,
Po = 66.15 kPa, v, =0.0012m> kg, v, =0.5332n/kg. In addition, at 350K, p,, = 91.62 kPa. The
vapor-pressure curve can be represented by the two-constant equation

n(p,)=A-BIT,

where 4 and B are constant.  (20%)

Ideal gas properties for Air

T(K), k and u(kl/kg). s° (ki/kg - K)

when As = 0! when As =0
T h u 5 Py v, T h u 5 P u,
200 19997 142.56 1.29559 0.3363 1707, 450 45180 32262 211161 57715 2236
210 209.97 149.69  1.34444 0.3987 1512, 460 462,02 329.97 2.13407 6.245 2114
220 219.97 156.82 1.39105 0.4650 1346, 470 472.24 33732 2.15604 6.742  200.1
230 230.02 164.00  1.43557 0.5477 1205, 480 482.49 34470 2.17760 7.268 1895
240 240,02 ITL13 147824 0.6355 1084. 490 49274 35208 219876 7.824 1797
250 250,05 17828 151917 0.7329 979. 500 503.02 359.49 221952 8411 1706

260 260,09 18545 1.55848 0.8405 887.8 510 513.32 366.92  2.23993 9.031 162,
270 270.n 192.60  1.59634 0.95%0 808.0 520 523.63 37436 2.25997 9.684 154.1

280  280.13 199.75  1.63279 1.088% 7380 330 533.98 38184 2.27967 10.37 146.7
285 28514 20333 1.65055 1.1584  706.1 540 54435  389.34  2.29906 1110 13937
290 29016 20691  1.66802 1.2311 676.1 550  554.74 396,86 231809 11.86 133.1
295 29517 21049 1.68515 13068 6479 360 56517 40442 233685 12,66 127.0

300 30019 21407 170203 13860  621.2 570 57559  411.97  2.35531 13.50 1212
305 30522 217.67 L.71865 1.4686 5960 580  SB6.04  419.55 2.37348 14.38 1157
310 31024 221.25  1.7349% 1.5546 5723 390 596352  427.15 239140 15.31 110.6

315 31527 22485 1.73106 16442  549.8 600  607.02 43478 2.40902 16.28 105.8
320 32029 22842 1.76690 1.7375 5286 610 61753 44242 242644 17.30 101.2
325 32531 23202 1.78249 1.8345 5084 620  628.07  450.09 2.44356 18.36 96.92
330 33034 23561 1.79783 19352 4854 630 638.63  457.78 246048 19.84 92.84
340 34042 24282 1.82790 2.149 454.1 640 649.22 465.50 247716 20,64 88.99
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Ideal gas properties for Air {Continued)

T(K), h and w(kdfkg), 5° (0/ke - K)

when As = (' when As = 0
T h u 5 Py v, T h u Lo P Uy
750 76729  551.99 264737 37.35 57.63 1300 139597 102282 327345 330.9 11.275
760  778.18  560.01 266176 | 39.27 55.54 1320 1419.76  1040.88 3.29160 | 3525 10.747
70 78911 568.07 2.67595 | 4131 53.39 1340  1443.60 105894 3.30959 3753 10.247
T80 800.03 576.12  2.68013 43.35 51.64 1360 1467.49 1077.10  3.32724 399.1 9.780
790 810.99 58421  2.70400 45.55 49.86 1380 149144 109526 334474 424.2 9.337
800  821.95 59230 271787 47.75 48.08 1400 151542  1113.52  3.36200 | 4505 §.919
820 84398  608.39 274504 | 5259 44.84 1420 153944 113177 3.37901 478.0 §.526
840 86608 62495 277170 | 57.60 41.85 1440 1563.51 1150137 339586 | 506.9 §.153
860  888.27 64140 279783 63.09 39.12 1460 1587.63 116849 341247 537.1 7.801
B0 910.56 65795 282344 68.98 36.61 1480 1611.79 118695 3.42892 568.8 7.468
900 93293 67458 284856 | 7520 3431 1500 163597 120541 344516 | 601.9 7152
920 95538 691.28 2.87324 | B82.05 3218 1520 166023 122387 346120 | 636.5 6.854
940  977.92  708.08 2.89748 §9.28 3022 1540 1684.51 124243 347712 | 6728 6.569
960 100055  725.02 292128 | 97.00 28.40 1560  1708.82 1260.99 349276 | 710.5 6.301
980 102325  741.98 294468 | 1052 26.73 1580 173317 1279.65 3.50829 | 750.0 6.046
1000 1046.04 75894 296770 | 114.0 2517 1600 1757.57 129830 3.52364 791.2 5.804
1020 1068.89  776.10 2.99034 | 123.4 23.72 1620 1782.00 131696 3.53879 834.1 5.574
1040 1091.85 793.36  3.01260 | 1333 22,39 1640 180646 133572  3.55381 878.9 5.355
1060 1114.86 810.62 3.03449 | 1439 21.14 1660 183096 135448 3.56867 | 925.6 5.147
1080 1137.89 827.88 3.05608 | 155.2 19.98 1680 185550 1373.24 3.58335 | 9742 4.949
1100 1161.07 84533 3.07732 | 167.1 18.896 1700 1B80.1 13927 3.5979 1025 4761
1120 1184.28 862,79 3.09825 | 179.7 17.886 | 1750 19416 14398  3.6336 1161 4,328
1140 1207.57 880.35 3.11883 | 193.1 16946 | 1800 20033 14872 3.6684 1310 3.944
1160 123092  897.91 3.13916 | 207.2 16.064 | 1850 20653 15349 37023 1475 3.601
1180 125434 91557 3.15916 | 2222 15.241 | 1800 21274 15826 37354 1655 3.295
1200 1277.79 93333 3.17888 | 2380 14.470 | 1950 2189.7 16306  3.7677 1852 3.022
1220 130131 951.09 3.19834 | 254.7 13.747 | 2000 22521 16787 37994 | 2068 2,776
1240 132493 968.95 3.21751 | 272.3 13.069 | 2050 2314.6 17268  3.8303 | 2303 2.555
12600 1348.55 986.90  3.23638 | 290.8 12435 | 2100 23774 17753 3.8605 | 2559 2,356
1280 137224 100476 3.25510 | 3104 11.835 | 2150 24403 1823.8 3.8901 2837 115




